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© Turbine blade. 

@ The present invention relates to an improvement 
of a turbine blade in a gas turbine and. more particu- 
larly, to a-cooling structure of the turbine blade. The 
turbine blade ' comprises a hollow-structured main 
body (2) and cooling medium discharging device (3) 
located in the inner cavity of the hollow-structured 
main body (2) and formed to discharge a cooling 
medium from the surface thereof, so that the cooling 
medium discharged from the cooling medium dis- 
charging device (3) impinges against the inner sur- 
face of the main body (2) to remove the heat from 
the same. The turbine blade further includes a pro- 
jection (9) which is formed on the inner surface of 
the leading edge (8) of the main body (2), extending 
along the spanwise direction of the blade, and the 
cooling medium discharging device are formed to 
allow at least part of the cooling medium to directly 
impinge against proximal portions of the projection 
(9). With this arrangement, the invention can provide 
a turbine blade which allows a small amount of 
cooling air to cool the turbine blade and its leading 
edge (8) in particular with great effectiveness. 


FIG . 2 
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. TURBINE BLADE . 


BACKGROUND OF THE INVENTION 

INDUSTRIAL FIELD OF THE INVENTION , . 

The present invention relates to an improve- 
ment of a turbine blade in a gas turbine and, more 
particularly, to a cooling strupture of the turbine 
blade, . .r. 

DESCRIPTION OF THE RELATIVE ART 

' By burning fuel with an oxidizing agent^of high- 
pressure air which has been compressed, by a 
compressor, a gas turbine serves to drive a turbine 
by high-temperature high-pressure gas thus pro- 
duced, in order to convert, the generated heat into 
energy such as electricity.. As a method for improv- 
ing the performance of a. gas turbine.. .working gas 
has been changed to have higher temperature and 
higher pressure. When the temperature, of the 
working gas is elevated, iX is necessary to cool a 
turbine. blade and maintain its temperature: not to 
Exceed a practical temperature of material of the 
turbine blade; - An example of a conventional cool- 
ing structure; of a turbine, blade is disclosed in 
ASME, 84-GT-114, Cascade Heat Transfer Tests of 
The : Air Cooled W501D First Stage Vane (1984). 
Figure 2. . 

In this cooling structure of ;the turbine blade, 
the blade is of a double. structure, i.e.. the blade 
body . has a hollow-structured . body provided with 
an inner constituent member (hereinafter referred 
to as the core plug) therewithin., A large number of 
apertures are bored through the. core plug; so that 
compressed air extracted from a compressor is 
discharged from these . apertures (hereinafter re- 
ferred to as the impingement holes) against the 
inner surface of the blade body, thus, performing 
impingement cooling by strong impingement air 
jets. The air which has -cooled the turbine blade 
from the inside is discharged fromjhe Suction and 
Pressure sides or the trailing edge of the Wade into 
rnain working gas. The number of the impingement 
holes at each location is appropriately chosen in 
accordance with fluid heat transfer conditions of the 
main working gas. thereby allowing the whole blade 
to have a substantially uniform temperature. The 
exterior surface of the blade in the vicinity of the 
leading edge is exposed to the gas of high tem- 
perature, which has a particularly high heat transfer 
rate there. This leading edge portion has a cur- 
vature which is unfavorably large for cooling, and 
accordingly, the cooled area of the inner surface of 


this portion is relatively small in comparison with 
the heated area of the outer surface of the same. 
Therefore, a great number of impingement holes 
are located inside of the leading edge portion so as 
5 to. cool It with a large amount of cooling' air; This 
tendency has been especially strengthened in re- 
sponse to the recdit elevation of the gas tempera- 
ture. 

Another example of a conventional cooling 
;o structure of a turbine' blade in a high-temperature 
gas turbine is disclosed in ASME.' 85-GT-120, De- 
velopment of a Design Model for Airfoil Leading 
Edge Film Cooling (1985). Figure 1. In this cooling 
structure, the blade is of a double structure equiv- 
alent to the above-described conventional example, 
vyhere impingement cooling is conducted by dis-- 
charging' cooling air from impingement holes of a 
' core pfug within the blade, and also, film cooling is 
performed by releasing part of the cooling air into 
main working gas from a large number of apertures 
"^(hereinafter referred to as the film cooling holes) 
formed at a portion in the vicinity of a leading edge 
portion of the blade. 


SUMMARY OF THE INVENTION 

As mentioned previously, because extracted air 
from the compressor is used for cooling the turbine 
blade, increase of an amount of the cooling air 
induces decrease of thermal efficiency of the gas 
turbine as "a whol^. As' it is' an essential factor of 
cooling of the gas turbine to carry out the cooling 
operation effectively by a small amount of air, the 
conventional method, for cooling the turbine blade 
described above has a problem that the thermal 
efficiency of the gas turbine cannot be much im- 
proved even by the higher temperature of the gas, 
for the. amount of cooling ar is increased to deal 
with the problem of the elevation of the gas tem- 
perature. 

The second example of the conventional meth- 
od has a larger cooling effect than the first exam- 
ple. However, it is not very different from the first 
example in that a large amount of cooling air is 
required. 

Moreover, when the inner surface of the blade 
body is cooled by the cooling air discharged from 
the impingement holes, the cooling air discharged 
so against the inner surface of the leading edge por- 
tion of the blade tends to stagnate in its vicinity, 
and air which flows across the impingement air has 
an unfavorable influence of lessening the heat 
transfer rate of the impingement air. Therefore, the 
conventional methods have the problem that the 
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leading edge of the blade, which has the highest 
temperature and must be cooled most effectively, 
cannot be adequately cooled. 

The present invention, which is intended to 
solve the problem, has an object to provide a 
turbine blade which enables a small amount of 
cooling air to cool the blade and its leading edge in 
particular with great effectiveness. 

The. object of the present Invention can be 
achieved by forming a projection, which extends 
along the spanwise direction of a blade, on the 
inner surface of the leading edge of a main body of 
the blade, so that when a cooling niedium is dis- 
charged from impingement holes, at least part of 
the cooling medium will impinge against proximal 
portions of the projection. 

VVith this arrangement, the discharged cooling 
medium does not stagnate in the vicinity of the 
inner surface of the leading edge of . the blade 
which has the highest temperature and mlist be 
cooled most effectively .i.e.. the cooling medium 
discharged from plural rows of impingement holes 
Is separated by the projection.' and conse_quently. 
jets of the discharged cooling medium do not inter- 
fere with one another, thereby, enabling a small 
amount of the cooling, medium to effectively cool 
the leading edge of the blade which tends to have 
high temperature. Moreover the projection itself has 
the effect of fin due to the enlarged, cooled surface 
area. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a cross-sectlonai view of a gas turbine 
blade, showing one embodiment according to 
the present invention;, ' " . 
Fig. 2 is an~ enlarged view of a leading edge 
portion of the turbine blade shown in Fig. 1; 
Fig. 3 is a broke n-away perspective view of the 
leading edge portion shown in Fig- 2;' 
Fig. 4A. 4B and 4C Jilustrate relatiPns between 
surface temperatures^ of. blades and impinge- 
ment holes; 

Fig. 5 Is an enlarged cross-sectionai view of a 
leading edge portion of a turbine blade,' showing 
another embodiment according to the present 
invention; ^ 
Rg, 6 is a.broken-away perspective view of the 
leading edge portion shown in Fig. 5; 
Rg. 7 is a cross-sectional partial view of a 
turbine blade, showing a further embodiment 
according to the present invention; 
Rg. 8 is a cross-sectiopal view of a turbine 
blade, showing a still other embodinhent accord- 
ing to the preserrt invention; and 
Rgs. 9 to 11 are perspective views of essential 
portions of a blade body and a core plug, show- 


ing modifications according to the present inven- 
tion. 

DETAILED DESCRIPTION OF THE PREFERRED 
5 • EMBODIMENTS 

One embodiment according to the present in- 
vention will be described hereinafter with reference 
to Figs. 1 to 3. Fig. 1 is a cross-sectional view 
70 showing the structure of a gas turbine blade. In this 
figure, reference nurheral 2 denotes a hollow main 
body of the turbine blade; 3 a hollow core plug 
(cooling medium discharging means) provided 
within the main body of the blade; 4 cooling air 
IS ' discharge impingement holes bored through the 
core plug 3; 5a. 5b and 5c film cooling holes for 
extending cooling air which are bored through the 
blade body 2; and 6 an air ejection slit including 
heat transfer pins 7 which is fornied through the 
20 trailing edge of the blade. Reference numeral 9 
denotes a spanwise finlike projection (pier) formed 
' oh' the inner surface of the turbine blade in the 
" •'^ vicinity of its leading edge 8 while extending along 
the spanwise direction of the blade, and 10 de- 
25 notes impingement holes- formed through a leading 
' • "edge portion of the core plug 3. and ..located at 
- positions corresponding to . both sides of the, span- 
" " wise finlike projection 9, which will be described in 
" "detail later. 
30 ' '"' Fig. ^2 'Is an enlarged: view of a leading edge 
' portion of the blade 1 shown In Fig. 1 which is 
arranged in the above-described manner. Fig. 3 is 
a broken-away perspective view ^ of the same. In 
this arrangement, as clearly understood from the 
^4 ' figures, it Is important that a plurality, of impinge- 
ment holes 10 are bored through the core plug 3 at 
the positions along the spanwise direction of the 
blade so that jets- of cooling air discharged from 
• ' "these impingement holes (hereinafter, referred to as 
40 * ' the impingement air) will- impinge against proximal 
portions of the spanwise finlike projection 9. A 

• groove' 11 forrhed in the "outer surface of the lead- 
^ Ihg edge portion of the core plug 3 is in close 

* ' contact with the edge of the spanwise finlike pro- 
45 ''" jection 9 in oi*der to position. the core plug 3 with 

• ' respect to the blade body 2. 

' ' - ' Next, the operation of the blade thus formed 
• will be described. Part of compressed air is ex- 
tracted from a compressor (not shown) serving as 
'50 cooling medium supplying means, and supplied as 
cooling air into the core plug 3 of the turbine blade 
■ 'i:' This cooling air is discharged as high-speed 
' ■ •* " impingement .air jets 12 from the impingement 
holes 10 of the core plug 3 toward the proximal 
-55 portions of the spanwise finlike projection 9 formed 
inside of the leading edge of the blade body 2. The 
impingement air along with air which has been 
likewise -discharged from the other impingement 
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holes 4 passes through passages 13 between the 
blade body 2 and the core plug 3 toward the 
downstream side of the blade, and it is discharged 
from the tilnn cooling holes 5a. 5b and 5c so as to 
flow along the outer surface of the blade body 2 
into main working gas or ejected through the air 
ejection slits 6 of trailing edge of the blade.* 

According to the present invention, the leading 
edge portion of the blade, which is severely af- 
fected by the heat of the working gas. i.e., which Is 
of the highest temperature, can be cooled with 
improved effect' because the cooling air' jets ^2 
from the impingement holes 10 can be prevented 
from interfering with one another by means of the 
spanwise finiike projection 9/ The cooling effect 
can be enhanced by performing the cooling opera- 
tion by the impingement air jets. The spanwise 
"finlike projection 9 also 'serves as a heat transfer fin 
to further improve the cooling effect. Thus, the 
present invention enables a srhall arriburit'^of cool- 
ing air to effectively cool the portion of'Jhe turbine 
blade where the temperature is the highest, and 
consequently, the thermal efficiency of the gas 
turbine as a whole can be'increased. - 

The cooling effect according to the present 
invention was, confirmed by calculations, the results 
being shown in Fig! 4C. Figs. 4A and 4B illustrate 
structures for comparing a conventional example 
and the embodiment according to the present in- 
vention. The calculations were conducted under the 
conditions of . main working gas; a pressure of I4ata: 
a temperature of 1580°C; and a flow velocity of 
104 m/s,.and those of cooling air:' a pressure of 
14.5ata; a temperature of 400* C; and an . impinge- 
ment, air flow velocity of 1.10 m/s. The configuration 
of the leading .edge' portion of each blade was 
. assumed to be an arc of 25 mm in diameter with 
the blade length being 120 mm. The main body of 
the blade was supposed to have a thickness of 3 
mm;, the core.,plug and the blade body 'were sup- 
posed to have a gap of 2.5 mm; and each impinge- 
ment hole was supposed to have a diameter of 1 
mm. It was also assuined that the spanwise finlike 
projection was shaped to be 1 .63 mm vyide and 2.5 
mm high, and that the blade body, had a heat 
conductivity of 20 kcal/rnh " C. It . vyas further as- 
sumed that the leading edge portion of the blade 
was defined to occupy an extent of 90 degrees 
with respect to the leading edge arc, and that the 
pitch between two rows of the impingement holes 
serving to cool this leading edge portioh had dif- 
ferent values. Thus, the amount of the cooling air 
and the temperature of the blade were calculated 
to compare the results of the embodirnent accord- 
ing to the present invention with those of the con- 
ventional example. 

The heat transfer rate of the surface of the 
turbine blade, i.e.. of the working gas was given by 


the empirical fonnriula (1) of Schmidt et al., and the 
heat transfer rate of the impingement cooling me- 
dium was given by the empirical formula {2) of 
Metzger et al.. so that the calculations were con- 
5 ducted through calculus of finite differences.pr 
NUd = 1.14Red°'5 Pr^-" [1 - & P 1 0) 
where 

Nud'. Nusselt number (= a*d/X ) 

Red: Reynolds number (= VdM 
70 Pr: Prandtl number 

(ft : an arcuate angle of the leading edge portion 

a : a heat transfer rate 

X : heat conductivity 

v : a kinematic viscosity 
•75 ' d : a diameter of the leading edge portion 

V : a flow velocity of the main gas 
- - St = .0.355 Reb° (i/b)-°:52 . (2) 
' where 

' St: Stanton number (= a/p •Cp 'Vc) 
'20 Hep: Reynolds number {= 2*Vc'b/i' ) 
• I : a half distance of heat transfer 

b : an equivalent slit width of the impingement hole 
6: a diameter of the impingement hole 
Cp : a specific heat 
25 Vc: a flow velocity of the impingement air 
p : a density ~ ' ■ ■ 
• V : a kinematic viscosity 

' On the basis of results of the above-described 
calculations; Fig. '4C explains the surface. tempera- 
30 ture and the amount of the cooling air at a stagna- 
' tion point of the leading edge of each blade, with 
the abscissa representing the impingement hole 
array pitch. In this graph, a curved line A expresses 
the blade temperature of the. conventional example, 
35 and a curved line B expresses that of the embodi- 
ment according to the present Invention. A curved 
line C represents the amount of the cooling air per 
blade at the leading edge of the blade in the 
Conventional example, and a curved line D repre- 
40 sehts that according to the invention. The effect of 
the present invention can be obviously understood 
- 'from this graph. For instance, when the impinge- 
" ' ment 'hole array pitch of the conventional example 
was assumed to be 2 mm. the amount of the 
■ 45 cooling air had a value indicated with a point Ci - 
' (0.0285 kg/S), and the blade temperature had a 
' value indicated with a point At (969 'C). On the 
other hand, with the same amount of the cooling air 
(as Indicated with a point Di on the curved line D). 
50 when the Impingement hole array pitch of the 
' present invention was assumed to be 4 mm. the 
blade temperature could be reduced to a value 
indicated with a point Bt (938* C). Further, when 
the blade temperature was supposed to be the 
55 same as that of the conventional example, i.e.. 
when it was allowed to reach 969 C (a point B2), 
the impingement hole array pitch of the invention 
had a value of 7.8 mm, and then, the amount of the 
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cooling air had a value indicated with a point D2 - 
(0.0138 kg/S). That is to say. according to the 
present invention, the blade temperature can be 
about 31 * C lower than that of- the conventional 
example with the same amount of the cooling air. 
When the blade temperature is allowed to be the 
same as that of the conventional example, about 
half of the cooling air amount of the conventional 
example will be sufficient in this invention. The 
mutual relation of the blade temperature and the 
amount of the cooling air does npt vary with a 
different array pitch. 

As described so far, the present invention en- 
ables a small amount of the cooling air in compari- 
son with the conventional example to effectively 
perform the cooling operation. Also, as shown in 
Fig. 2, the spanwise finlike projection 9 is arranged 
to support the core plug 3 so as to maintain a 
given distance of the gap between the cooled sur- 
face of the blade body 2 and the core plug 3 and a 
certain relation between the positions of the im- 
pingement holes and those of impingements of the 
air. Thus, it is possible to- obtain a ^ gas turbine 
blade of high reliability which, causes. little Individ- 
ual variation in its cooling effect. . 

In general, the temperature of working gas for 
a gas turbine exhibits such a distribution that a 
central portion of a turbine blade with respect to its 
spanwise direction has high temperature. In the 
present invention, the array pitch, of the impinge- 
ment holes 10 with respect to the. spanwise direc- 
tion of the blade may be changed, i.e., the array 
pitch in the vicinity of the center of the blade may 
be decreased so as to allow the vyhole blade to 
-have a uniform temperature. 

. In the above-described embodiment, the cool- 
ing air discharged from the impingement holes 10 
and 4 is ejected from the film cooling holes 5a. 5b 
and 5c so as to flow along the surface of the blade 
body 2. Positioning and array . of these film cooling 
holes 5a, 5b and 5c and the impingement^holes 4. 
which are determined under the thermal condition 
of the working gas, can be arranged with variation. 
In the embodiment shown In Fig. 1 , the blade body 
2 is hollow-structured without inner partitions. How- 
ever, It may be of a hollow, structure divided into 
two cells or more. Further, the blade body may be 
structured without film cooling arrangement so that 
all the impingement air will be released from the 
trailing edge or the tip side of the blade. Besides, 
the spanwise finlike projection of the blade body 
.may be manufactured in the process of production 
of the blade body through precision casting. 

• Although the present invention has been de- 
scribed on the basis of one embodiment above, 
other embodiments, applications and modifications 
of various kinds can be suggested. 

Another embodiment according to the invention 
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is shown in Figs. 5 and 6. In these figures, the 
same component parts as those of the embodiment 
described previously are denoted by the same 
reference numerals. Reference numeral 21 repre- 
5 sents each of a plurality of lateral fmlike projections 
formed on both sides of the spanwise finlike pro- 
jection 9 on the. inner surface of the blade body 2 
in the vicinity of the leading-edge stagnation point. 
One ehd of each lateral finlike projection is con- 
10 nected with the spanwise finlike projection 9 so that 
the spanwise finlike projection 9 and the lateral 
finlike projections 21 will constitute a tandem 
(fishbone-shaped) configuration, the leading-edge 
impingement holes 10 of the core plug 3 are lo- 
'/5 / cated at such positions that impingement cooling 
'^air will be discharged into U-shaped heat transfer 
" elements defined by the spanwise finiike projection 
9. and the. lateral finlike projections 21 and against 
the- proximal portions of the spanwise finlike projec- 
.20 Jipn 9. ' * * , , 

, In the same manner* as the above-described 
' embodiment, the cooling air is supplied into the 
, /core plug ,3, discharged from the impingement 
. ?h6ies .10 and 4 . toward the cooled surface of the 
. 25 blade, and ejected from the film cooling holes 5a 
' 'and the like into the main working gas after passing 
through the passages 13. Thus, the air jets dis- 
charged from the impingement holes 10 at the 
"leading edge of the blade against the proximal 
30 , portions of the spanwise 'finlike projection 9 of the 
,^ ./blade, body 2 can be prevented from interfering 
' . . witH one another by means of the spanwise finlike 
projection 9 and the latkal finlike projections 21. 
Consequently, a high impingement effect can be 
.35 /obtained, and also, function of the fins further in- 
creases, the cooling effect. 

Still other embodiments of the invention are 
_ shown in Figs. 7 and 8. Fig, 7 Illustrates a cooling 
structure of a turbine blade in 'a gas turbine for 
40 higher temperature which includes filnf\* cooling ar- 
rangement in addition* to the structure of the em- 
: /bpdiment shown in Fig. 1. In this drawing, refer- 
' ence numerals 22 and 23 denote film cooling holes 
.bored through the leading edge of the blade body 
'45 , 2.. The film cooling holes 22 on orie side are 
inclined from one side of the spanwise fin like pro- 
. jection 9 toward the leading edge stagnation point, 
while the film cooling holes 23 on the other side 
are inclined froiri the other side of the spanwise 
^50' fihlike projection 9 toward the leading-edge stagna- 
\ tiqn point, and at the same time, the film cooling 
holes 22 and 23 are arranged not to occupy the 
same positions on a plane transverse to the span- 
wise direction, i.e., the film cooling holes 22 and 23 
55 are alternately formed along the spanwise direction 
■ * of the blade. The cooling air is discharged from the 
impingement holes 10 against the proximal por- 
tions of the spanwise finlike projection 9. and part 
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of this cooling air is released from the leading edge 
film cooling holes 22 and 23 into the main working 
gas. In this application, the invention can thus pro- 
vide the cooled blade which "withstands the gas of 
higher temperature due to a high cooling effect of 
the inside of the blade and a thermal shield effect 
of the surface of the blade. 

Further, Rg. 8 illustrates an application" of the 
present invention where an entire turbine blade can 
be cooled. In Rg. 8, reference numerals 24a, 24b. 
24c ... denote a plurality of spanwise finlike projec- 
tions formed on the Suction side and Pressure side 
inner surfaces of the blade body 2. and the edge of 
each of the spanwise finlike projections 2'4a, 24b, 
24c ... is in. contact with the core, plug 3: Impinge- 
ment holes 25 are bored through the core p[ug 3 at 
such positions that , the cooling .air wiir be dis- 
charged against proximal portions of the spanwise 
finlike projections 24a, 24b, 24c... on bbth^ sides. 
Air cells 26a, 26b ... are ^ach defined by two of the 
spanwise finlike projections,' the blade' body 2 and 
the core plug 3. Film cooling holes 27a. 27b ... are 
formed through the blade body 2 In order; to eject 
the cooling air from the air cells therethrough and 
make it flow along the outer surface of the applica- 
tion, part of. the cooling air Is discharged against 
the proximal portions of the spanwise finlike projec- 
tiori 9 from the impingement holes' 10. and ejected 
from Jhe leading-edge film cooling hole's 22 and 23 
so as to flow along the outer surface of the blade, 
-thereby cooling the leading , edge portion of the 
blade.. At the same time, other part of the cooling 
air is discharged against the proximal portions of 
the spanwise finlike projections 24a, 24b. 24c ... 
.. from- the impingement, holes 25. and ejected from 
the film cooling holes 27a, 27b ..: of the air cells 
. 26a, 26b ... so as .to flow along the outer surface of 
the blade.. thereby. cooling the Suction and Pres- 
sure, sides of. the blade. Part of the Impjrigement air 
. is released along the out side of the blade "from the 
. slits 6 of the trailing, edge of the blade, also cooling 
the trailing edge. In this application, the Invention 
can provide the cooled , turbine blade Whose entire 
surface can be cooled with great efflciericy. thus 
withstanding the gas of higher ternperature. 

It is more favorable that .the film cooling holes 
27a. 27b ... are bored through the upstream sides 
of the air cells 26a 26b ...*to even more eiffectively 
perform the thermal shield of the outer surfaces of 
the blade so that the film thermal shield effect can 
be principally produced over the outer Surfaces of 
central portions ot the air cells 26a, 26b ... where 
the Impingement cooling effect Js given less effec- 
tively. The locations,, number, and Intervals of the 
spanwise finlike projections 4a. 24b. 24c ... , the 
number and Intervals of the impingement holes 25. 
the number and intervals of the film cooling holes 
27a. 27b ... and the like are suitably determined in 


accordance with the themnal condition of the main 
working gas so that the temperature of the blade 
will reach a target value. 

Next modifications of the present invention will 

5 be described with reference to Figs. 9 to 11. Con- 
figurations and boring locations of . impingement 
holes of the core plug 3 are shown in these draw- 
ings, paying attention to the leading edge portion of 
the blade. Fig, 9 illustrates a structure where span- 

10 ' wise slot-like impingement holes 32 are .located on 
both sides of the spanwise finlike projection 9. Fig. 
10 illustrates a structure where the impingement 
holes 10 on both sides of the spanwise finlike 
projection 9 in the above-described embodiment 

15 shown in Fig. 1 are alternately located along the 
spanwise direcfion of the blade and deviated from 
one another. Fig. 1 1 illustrates a structure where 

* the spanwise slot-like impingement holes 32 shown 

■ ' ' • in Fig. 9 are alternately located along the spanwise 
•20 ' * direction of 'the blade and deviated from one an- 

^ other- It^ is a fundamental factor in any of these 
modificafiohs that the impingement cooling air is 
•' discharged against the proximal portions of the 
spanwise finlike projection 9 on both sides, and the 
25 cooling effect as high as that of the embodiments 
explained' previously can be thus obtained. 
• As -described heretofore, according to the 
present Invention, the projecfion extending along 
• the spanwise direcfion of the blade is formed on 
30 the inner surface of the leading edge of the blade 
body so that the cooling medium discharged from 

■ the Impingement holes of the core plug will im- 
pinge against the proximal portions of this projec- 
tion. Since the discharged cooling medium does 

' 35 not stagnate in the inner passages near the leading 
edge of the blade where ,the temperature is the 
highest, i.e*., since the discharged cooling medium 
from plural rows of impingement holes is separated 
- ' - by the spanwise projection and flows towards the 
40 ejection holes -without mixing, thus the discharged 
cooling medium jets will not interfere with one 
' • -'another, and therefore, the leading edge of the 
' blade which tends to have high temperature can be 
effectively cooled by a small amount of the cooling 
45 medium. 

Alternatively, at least one projecfion or prefer- 
ably a plurality of projections may be formed along 
the spanwise direction of the blade body In place 
of the spanwise finlike projecfion on the inner sur- 
'so face of the blade body in the first embodiment 
according to the present invention. With this modi- 
fied arrangement, the same effect, can be also 
obtained. • 

65 

Clainns 

1. A turbine blade comprising a hollow-structured 
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main body (2), cooling medium discharging means 
(3) located in an inner cavity of said hollow-struc- 
tured main body <2) and formed to discharge a 
cooling medium from a surface thereof, and cooling 
medium supplying means for supplying the cooling 
medium into the cooling medium discharging 
means, so that the cooling mediurp discharged 
from the cooling medium discharging means (3) 
impinges against the inner surface- of the main 
body (2) to remove the heat therefrom, wherein 
: said turbine blade further includes a projection (9) 
■ which is formed on the inner surface of the leading 
edge (8) of said main body (2),. extending along the 
spanwise direction of the blade, said cooling me- 
dium discharging means (3) being formed to allow 
at least part of the cooling medium to directly 
impinge against proximal portions of the projection 
(9). 

2. A turbine blade according to Claim .1,. wherein 
said turbine blade further includes at least one 
additional projection (24) which is formed on the 
inner surface of said main body, extending along 
the spanwise direction of the blade. said..cooling 
medium discharging means (3) . being formed to 
allow at least part of the cooling medium to directly 
impinge against proximal portions of the additional 
projection (24). . . r . . 

3. A turbine blade conqprising> a hollow-structured 
main body (2). a core, plug (3), which is located in 
the inner cavity of. the hollow-structured main body 
(2) and whose outer surface is .spaced at a certain 
distance from the inner surface of the main body 
(2). formed to be hollow-structured with impinge- 
ment holes (4. 1 0) bored through the side surfaces 
thereof, and cooling medium supplying means for 
supplying a cooling medium into the inner cavity of 
the hollow-structured core plug, so that the. cooling 
medium supplied into the core plug is discharged 
from the Impingement holes (4,. 10) and impinges 
against the inner surface of the main body (2) in 
order to perform cooling of the main body (2). 
wherein said turbine blade further includes a pro- 
jection (9) which is formed on the inner .surface of 
the leading edge (8) of said main body (2), extend- 
ing along the spanwise direction of the blade, said 
Impingement holes (4. .10) being located to allow . 
the cooling medium discharged from at least part 
of the impingement holes (10) to impinge against 
proximal portions of the projection. . 

4. A turbine blade according to Claim 3. wherein 
said at least part of the impingement holes (10) are , 
provided in plural, said impingement holes (10) ^ 
being located at certain intervals along the span- 
wise direction of the blade. 

5. A turbine blade according to Claim 3. wherein 
said at least part of the impingement holes (10) are 
arranged in a plurality of rows which are respec- 
tively opposite to tlie proximal portions of said 
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projection (9) on both sides. 
6. A turbine blade according to Claim 5, wherein 
said at least part of the impingement holes are 
slots (32). 

5 7. A turbine blade according to Claim 5. wherein 
said at least part of the impingement holes (10) in 
the rows which are respectively opposite to the 
, proximal portions, of said projection on both sides 
are alternately located along the spanwise direction 

10 of the blade and deviated from one another. 

8; A turbine blade according to Claim 7, wherein 
said at least part of the impingement holes are 

: slots "(32). ' ' ' 

9. A turbine blade comprising a hollow-structured 
.75 ' main body. (2), cooling medium discharging means 

(i) located, in an inner cavity of the hollow-struc- 
tured main body (2) and formed with impingement 
holes (10. 25) through which a cooling medium is 
^./discharged from the surface thereof, . and" cooling 
20 medium supplying means for supplying the cooling 
medium into the cooling medium discharging 
. / nr\eans. (3), so that the cooling medium discharged 
' , * from the. 'cpojing medium discharging means (3) 
innipinges' against the inner surface of the main 
25 ~ body . (2) to remove the heat therefrom, wherein 
. said turbine blade further includes a projection (9) 
vyhich is'forrned on an inner surface of the leading 
edge of said main body (2), extending along the 
"spanwise direction of the blade, said cooling me- 
30 . .'diurh discharging means. (3) being formed to allow 
! ' 'the cooling medium discharged from at least part 
t of the Impingement holes (10) to directly impinge 
against proximal, portions' of the projection (9) on 
both sides, thereby arranging jets of the cooling 
35 , medium after the impingement to be ejected out of 
the rrialp body (2) without being mixed- with one 
another. . * " 

10. A turbine blade according to Claim 9, 'wherein 
.'said turbine, blade further includes at 'least one 

40. . additional projection (24) which is formed on the 
. Inner surface of said main' body (2). extending 
. ' along /the spanwise direction of the blade, said 
; cgblihg medium discharging means (3) being 
formed to. allow the cooling medium discharged 
45 fronri.^ at least, part of the impingement holes (25) to 
directly impinge against proximal portions of the 
* additionai projection, thereby arranging jets of the 
cooling medium after the impingement to be 
. _ . drained out of the main body (2) without being 
50 . mixed with one ia'nother. 

.11. A turbine tilade comprising a hollow-structured 
niain 'body (2) to be cooled from an inner surface 
thereof, cooling medium discharging means (3) lo- 
cated in an inner cavity of the hollow-structured 
55 main body (2) and formed to discharge a cooling 
nnedium from the surface thereof, and cooling me- 
dium supplying means for supplying the cooling 
medium into the cooling medium discharging 

7 - • 
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means (3). so that the cooling medium discharged 
from the cooling medium discharging means im- 
pinges against the inner surface of the main body 
(2) to remove the heat therefrom, wherein said 
turbine blade further includes a fish-bone-shaped s • 
projection {9, 21) which is formed oh the inner 
surface of the leading edge (8) of said main body 
(2). extending along the spanwise direction of the 
blade, said cooling medium discharging means (3) 
being formed to allow at least part of the cooling w 
medium discharged from said cooling medium dis- 
charging means (3) to directly impinge against 
proximal portions of the projection (9. 21). 
12. A turbine blade , comprising a hollow-structured 
main body (2), a core plug (3), which is located in 75 
an inner cavity of the hollow-structured main body 
(2) and whose outer surface is spaced at a certain 
distance from an inner surface of the main body 
(2). formed to discharge a cooling medium from 
the surface thereof, and cooling medium supplying 20 
means for supplying the cooling medium into the 
core plug (3), so that the cooling medium dis- 
charged from the core plug (3) impinges against 
the inner surface of the main body (2) in order to 
perform cooling of the main body (2). wherein said 25 
turbine blade further includes a projection (9) which 
is formed on the inner surface of the leading edge. . 
of said main body, extending along the>spanwise 
direction of the blade, with an edge of the projec- 
tion (9) being in close contact with the surface of 30 
said core plug (3). said core plug (3) being formed 
to allow at least part of the cooling medium dis- 
charged from the core plug (3) to impinge against 
proximal portion of the projection (9), 

13. A turbine blade according to Claim 12. wherein 35 
said turbine blade further has a groove (11) which^ 

is formed in the surface of said core plug (3) where 
it confronts the edge of said projection (9), extend- 
ing along the spanwise direction of the blade, so 
that an edge of the projection (9) is in close contact 40 
with the groove (11). 

14. A turbine blade comprising a hollow-structured 
main body (2), a core plug (3) located in an inner 
cavity of the hollow-structured main body (2) and 
provided with impingement holes (4. 10) bored 4S 
through the surfaces thereof, and cooling medium 
supplying means for supplying a cooling medium 

into the core plug, so that the cooling medium 
discharged from the core plug (3) impinges against 
an inner surface of the main body (2) in order to 60 
perform impingement cooling of the main body (2). 
wherein said turbine blade further Includes a pro- 
jection (9) which is formed on the inner surface of 
the leading edge (8) of said main body (2). extend- 
ing along the spanwise direction of the blade, so as 55 
to perform the impingement cooling of the main 
body (2) in a region of the proximal portions of the 
projection (9). 
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FIG . 4A 


FIG . 4B 
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FIG. 5 
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